0. INTRODUCTION We are concerned with a class of vector equations of the form x'= Ax + f(x) where the nonlinear term f(x) is quadratic of the form /Tc x r(x) xTCn x The n )< n matrices Ci} are assumed symmetric with the orthogonality property xTf(x) O for all x. If xTf(x) 0 for all x we say that f is a conservative function. Note that if x' f(x) with f conservative then Ilxll 2 is constant. The problem is to determine conditions on A and f sufficient to have the system point dissipative, i.e., which guarantee the existence of a bounded region R with the property that every trajectory of the system eventually enters and remains within R [2] .
Consider the Lyapunov function V(x) (x (x)T(x (x) for the system. For large Ilxll the d(V(x(t))) Therefore our quest is to find conditions on quadratic terms xTAx-aTf(x)dominate dt A and f for which there is an admissible tz which makes these terms a negative definite function. If there exists an admissible o then a classic result 4 implies the system is point dissipative.
A necessary condition for the existence of an admissible t is that xTAx < 0 for each nontrivial x in the zeros of f. We have shown for n 2 and 3 that this condition is also sufficient. Settling the obvious conjecture for all n bogs down in a proliferation of cases. However, we have shown in this paper that the necessary condition is sufficient for the simplest n-dimensional case, namely, when the zeros of f form an (n 1)-dimensional hyperplane.
Finally, we extend the notion of an admissible tt to provide sufficient conditions for systems x'= Ax + fix) + g(x) to be point dissipative when f is quadratic but not conservative and g is not quadratic. If there is a positive definite matrix S such that Sf is conservative then a vector t is admissible for the dynamical system x' Ax + fix) if xTSAx tTHf(x) is a negative definite function where HTH S. If z is an admissible vector for the system x'= Ax + f(x) then the system x'= Ax + fix) + g(x) is point dissipative if there is an ordered triple (e, C, M) such that -czTHg(x) < C Ilxll 2-e for all x with Ilxll >_ M.
Our interest in systems of the form x'= Ax + fix) was stimulated by all of the work in the literature based on systems of the same form originally studied by Lorenz 5 ] . We hope to understand the richness of the class of chaotic systems, especially of dimension n > 3, by classifying a sufficiently rich class of point dissipative systems in terms of their compact attractors. This paper represents a step forward in that program by enlarging the class of systems that can be first classified as point dissipative in terms of their coefficients.
PRELIMINARIES
The proof of the prinicipal result Theorem 3 uses some properties of skew symmetric matrices. These are matrices such that A T -A. Here are properties that are needed. Xn) T then P is a projection from n to n dimensional vector spaces.
We note that k in the kernel of B implies that Pk is in ker(C). Since To see this let n be the dimension of B. We see from the proof of 3) that the dim(ker(C)) >_ dim(ker(B)) and dim(ker(C)) > 1. Suppose that dim(ker(C)) dim(ker(B)). Then rank(C) + dim(ker(C)) n and rank(B) + dim(ker(B)) n. and so rank(C) rank(B) 1. But this impossible since the ranks of both the skew symmetric matrices B and C must be even.
Without loss of generality we can assume that the hyperplane of zeros of f is {xlx 0}.
For consider the dynamical system x' Ax + f(x) where the zeros of f are an (n 1)-dimensional hyperplane, call it H. Let R be a rotation so that H goes onto the hyperplane Y1 {y y 0 under R-. Let x Ry. Then the orginal dynamical system is represented by y'= R -1 ARy + R -1 f(Ry). Note that the zeros of R -1 f(Ry) are precisely the zeros of under the rotation R-. This is true for any rotation 1. We note that Z(R. -1 fiR.y)) R.(Z(f(x))). This applies to both R and R-. Let G x Ix h, a real number and we will show G is contained in the set of a is in G then ctTf(x) x thTB x xl (q, 0, 0 0) x q x admissible Note that if since Ph is in the ker(C). Also q 0 since h is not in the ker(B). Notice that q 0 whether or not the rank(C) 0 furthermore, we can choose so that a T f(x) > 0 for all x.
We can restrict our attention to the sphere [Ixll which is compact. There is a closed cone on a closed cone which contains the hyperplane x x] 0 such that xTAx < 0 for all x 0 in this cone. Hence, there is an 13 > 0 such that xTAx < 0 on {x Ilxll =1 and -13 < x < 13}. Let M max( xTAx on x Ilxll }. By picking large enough in magnitude we can assure is point dissipative.
Note that condition (A) can be replaced by either of the stronger conditions (B) or (C).
Condition (B) There is an admissible 0t for x' Ax + fix) and II g II o II x II 2.
Condition (C) There is an admissible ot for x' Ax + f(x) and g is bounded.
EXAMPLES
Consider the dynamical system B is a nonsingular matrix and C B 11 is singular. The kernel of C is generated by (1, -1 Ax-tx!xT(A-Q) x=
This quadratic function is negative definite when > 2.6. By the theorem this nonlinear quadratic dynamical system is point dissipative.
Indeed in the example q turns out to be 1. 
If we use the rotation The attractor above the origin is magnified in the following Figure 3 . It indicates that there is an attractor at (-0.5, 1) surrounded by a limit cycle which is an repeller. There is also an attractor at (0, 0) and a saddle point near (1, 2). 
